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“/% Upgrade of Liquid Xenon Detector
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M/Z Expected performance
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&% MPPC for Liquid Xenon
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w+ | MPPC prototype tests
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w+ | Performance of new MPPC prototype
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Temperature Dependence
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w+ | Waveform with Large MPPC
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”/% Development of PCB and feedthrough
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% Effects of PCB & long cable
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u/% Plan
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wfj Sumimary
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MPPC and PCB assembly

/ quartz protection
MPPC crystal
ceramic base \

Thin metal wire streched
from both end




M/% feed through

feedthrough signal transmittance
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wfj MPPC circuit model

V bias
b voltage
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e °
u+| Quench Resistance

Diode R _ . .
s I ‘ Approximated Characteristic of Diode
=2 Vr=IR l

V: Cl 1I1 [‘l’ CZ
V=cyi+c,Ini+ ¢

Total current 7/
[ =1 X (# of pixel)

R=16 X 3600 X ¢,
¥2 I ndf 3.022e-07 /12 = 646 kQ

p0 11.21+ 0.01557

p1 0.01739 £ 8.545e-05
p2 0.9511+ 0.0005689

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02 0.022




Dark Count Rate

Dark Count Rate [Hz]
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M/% Crosstalk & Afterpulse

Entries 32399
Mean 0.4684

Make very weak LED flash where a few r, RMS 05091
photons detected by MPPC.

Photon emission distribution from LED is
expected to be Poisson distribution.

ﬂ,k -1

k!

P(A; k) = A = In(—ny)

P :Probability at least once CT or AP occur
p Probability exactly once CT or AP occur

@ 3mm sample 1
M 3mm sample 2

P=P;1)—ny=p+p’+p>+ - Bysy, | 4 12mm sample

A pulse is multiplied by this, due to CT & AP.
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pre-amp waveiorm
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Black 0Q
Blue 50Q
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Red 600 Q2
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nano second

50 | 150 | 600 |CR(150)
Charge 8.29 2.952 1.601 0.672

0, of charge 0.768  0.2384 0.1342  0.0587

Resolution [%] 9.26 8.08 8.38 8.74

10 - 90% [ns] 25.14 24.57 24.32 13.74

10 - peak [ns] 49.69 49.15 47.04 18.73
LGNNI 137.64 149.88 150.01  153.72

Decay 7 [ns] 196.5 209.5 207 193




c i
we,| Hamamatsu new MPPC

When recent improvements on MPPC are Introduced,
higher voltage can be applied.
_ —Higher PDE
VBT Wl —Hicher gain — better S/N
" or smaller pixel size
— shorter pulse

Afterpulses (%)

increase of resistance at low

temperature can be suppressed by
Overvoltage (V) .
Fig.10. Afterpulse probability compared with conventional MPPC and new metal que l'lCh re SlStanCe \L

structure MPPC

Overvoltage =25V

- Standard MPPC New MPPC

2.7 Mcps 1.7 Mcps
After Pulses > 100% 3%

| PDE | % | 4% |

-
=]
=
@
3]
c
£
@
®
1]
o

20 30 40

Overvoltage 1.5~925V 2~35V
Range
Timing

Temperature (deg C)

Fig.9. Temperature dependence of resistance compared with poly-Si and
metal quenching resistor at 310 k() resistance




Radiation Hardness

C Modest radiation hardness is a kind of weak point of

SiPM.
. . I.Nakamura, JPS meeting, Sep. 2008
L Possible effects soo|—] T
. | 3x10* nfem?
C  Increase of dark noise L , 4210
I Gain degradation - 3n}e" wlemit
el L 1x10'° nfcm
. - : 3x10* n/cm?
Expected radiation in MEG upgrade ] e e
200 Ly WY T Y Y ". ,.:,‘_E!!'L
MEG upgrade (3 years)  Threshold e R R

T 200 1000 1s00 2000

Neutron 7% 107 n/em? =[0% n/cm? Time (ns)

Y 0.3Gy 200Gy

C Radiation hardness of SiPM should NOT be an issue in
MEG upgrade.
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